Serine/threonine kinases in signal transduction in response to thrombin in human platelets. Use of 17-hydroxywortmannin to discriminate signals.
Although the importance of protein kinases in platelet activation, particularly protein kinase C (PKC), is well established there remain many problems regarding the various phosphorylation cascades, the role of phosphatases and the importance of other serine/threonine and tyrosine kinases. A particular problem is the mechanism of activation of the fibrinogen receptor, GPIIb/IIIa, a critical step in aggregation. Although GPIIIa is phosphorylated (on threonine) neither the stoichiometry nor the minor changes on activation seem adequate to explain the response. Relatively unspecific inhibitors of PKC such as staurosporine prevent PO4 incorporation into most kinase substrates but only inhibit platelet aggregation partially. However, staurosporine does induce activation and then inhibits several renaturable serine/threonine kinases, probably via phosphatases. Staurosporine did not, however, inhibit the platelet Ca2+ signal in response to thrombin but rather enhanced it. 17-Hydroxywortmannin (HWT), a fungal metabolite, has been shown to inhibit respiratory burst in neutrophils and causes haemorrhages. It was recently reported to be a myosin light chain kinase (MLCK) inhibitor and to inhibit PKC only at much higher concentrations. In platelets, HWT inhibits aggregation and partially inhibits phosphorylation of myosin light chain and P47 in thrombin-activated platelets. It also allows the discrimination of an early and a late phase in the cytoplasmic Ca2+ signal since at lower concentrations it only inhibits the late phase. The late phase of ATP release was also inhibited in a dose-dependent manner. The activation of most of the renaturable serine/threonine kinases was also inhibited by HWT. These results support earlier conclusions that the early phase of the Ca2+ signal is phospholipase C dependent but indicate that other mechanisms must be responsible for the late phase. The relative specificity of HWT for MLCK might indicate that this has an unexpected major role in controlling these late phase reactions including activation of GPIIb/IIIa or its clustering. However, staurosporine completely inhibits phosphorylation of myosin light chain by its kinase (as well as other kinases) and has the opposite effect on Ca2+ signals. Clearly, the interactions and feed-back mechanisms between these kinases are very complex but the results suggest that phosphatases acting together with their complementary kinases should also be considered as important platelet activation regulators. P47, long considered a major PKC substrate, may also be phosphorylated by MLCK.